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Abstract— The use of some working frequencies is still novel in 
Synthetic Aperture Radar (SAR) especially when associated to a 
full exploitation of polarimetric channels. In this paper the 
potential value of a spaceborne multi-pol SAR system in S-band 
(3.2 GHz) is presented following the first acquisitions of the 
Astrium UK airborne SAR demonstrator and relevant analysis 
based on Pauli and eigenvalue-eigenvector decompositions. Most 
interesting results are presented and discussed. 
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I. INTRODUCTION 
The use of the S-band frequency range for spaceborne SAR 
systems has, to date, been limited, with the last notable S-band 
mission being the Russian Almaz-1 satellite which completed 
its brief mission in 1992. Some applications have also been 
developed starting from Almaz-1 data [1-3]. However interest 
in spaceborne S-band SAR systems is increasing and indeed 
China are planning to launch an S-band SAR satellite (HJ-1C) 
[4] to augment their environment protection and disaster 
monitoring constellation and complement the two optical 
satellites currently in operation.  
An S-band system, having a wavelength closest to systems 
currently operating in C-band, can be reasonably expected to 
serve a similarly wide range of applications. Recent 
technological developments have made S-band particularly 
attractive to organisations with an interest in developing a low 
cost spaceborne SAR such as the SSTL NovaSAR-S system 
[5]. Such SAR systems will have particular utility in medium 
resolution applications, continuing the successful philosophy of 
low cost medium resolution optical satellites which have 
demonstrated significant effectiveness in applications such as 
land use mapping and disaster monitoring, and will bring the 
benefits of spaceborne SAR to a wider range of users. 
In order to demonstrate the utility of S-band SAR imagery, 
and hence prepare for the potential availability of S-band SAR 
imagery from spaceborne platforms, the Astrium airborne SAR 
demonstrator has been upgraded to enable the acquisition of 
SAR imagery simultaneously in S-band and X-band. This will 
assist with the understanding and development of S-band SAR 
applications whilst enabling a direct comparison of imagery 
acquired at S-band with that acquired at the currently 
fashionable X-band. During the summer of 2010 the dual 
frequency Astrium airborne SAR demonstrator was deployed 
in a campaign over trial sites in Southern England and South 
Wales. In order to acquire representative imagery the system 
parameters of the airborne SAR demonstrator were selected to 
represent those likely to be exhibited by a low cost spaceborne 
SAR system.  
An extensive amount of imagery was collected over areas 
specifically selected to provide a variety of landscape type and 
hence encompass a wide range of potential applications, 
including those associated with agriculture, forestry, urban, 
cartography, coastal and maritime. 
This paper presents first results of the airborne trial and 
shows examples of the imagery acquired. In addition the paper 
provides an initial assessment of the utility of S-band SAR in 
combination with a fully polarimetric system. 
 
II. ASTRIUM UK SAR DEMONSTRATOR 
The Astrium UK Airborne Synthetic Aperture Radar 
(SAR) Demonstrator has been developed over the last 9 years 
to provide a number of key demonstration capabilities, 
including cost-effective demonstration of potential spaceborne 
radar performance. It has flown 6 trials campaigns, all highly 
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successfully. The airborne SAR instrument, in conjunction 
with a ground-based image processor, is capable of acquiring 
SAR imagery from altitudes of between 1500 and 3000 m in 
either daylight or darkness, and regardless of whether the 
scene being imaged is cloud covered. 
 
The system currently has X-Band (9.65 GHz) and S-Band 
(3.2 GHz) capabilities. It is capable of a wide range of swath 
width/resolution/radar band permutations, with a best 
resolution of ~15 cm at X-Band and ~3 m at S-Band. The 
widest swath width possible is ~10 km (at ~3 m resolution). 
 
The airborne system comprises the following equipments : 
• Back-End 
• X-Band Front-End Electronics 
• S-Band Front-End Electronics 
• S+X Band antennas (gimbal mounted) 
• GPS-INU (motion & position measurement) 
• Operator Laptop 
• Cockpit Navigation Aid display (7” LCD) 
• Power Distribution Box 
• Power Switching Box 
• Mass Data Stores (x2) 
 
Figures 1 and 2 show the equipment as currently fitted to a 
Douglas DC-3 (Dakota) based in Coventry, UK. 
Both the X-Band and S-Band imaging is capable of full 
quad polarimetric (HH, VV, HV and VH) operation. Many 
permutations of performance are available, generally trading 
resolution for swath width, and number of bands for 
sensitivity. The particular combination used is dependent on 
the applications that the imagery is to be used for. 
 
For the trial in southern England and south Wales S and X 
bands both used the same bandwidth (200MHz) resulting in 
the same resolution. In this paper performance relevant to the 
S-band acquisitions are presented and commented.  
 
III. IMAGE PROCESSING 
Different kinds of scenes, containing both man-made and 
natural features, have been considered in this study in order to 
obtain a wider overview of S-band performance. For sake of 
conciseness we focus here on just one dataset acquired on the 
area of Baginton in Southern England. The original processed 
image presented a spatial resolution of 0.35m and 0.835m 
respectively in azimuth and slant range. Then a multilook 20x4 
has been applied to get 7m x 3.34m resolution in the 
azimuth/slant range plane and a final 7m x 6.7m resolution on 
the azimuth/ground range plane when considering an average 
incidence angle of 30°. 
Then, the dataset has been calibrated according to the van 
Zyl calibration method [6] and finally post-processed with the 
purpose of exploiting the full polarimetry. These steps are 
described below. 
A. Calibration 
In order to calibrate polarimetric radar data, we followed the 
procedure described in [6] using the returns from natural 
targets (assumed to present azimuthal symmetry) and at least 
one trihedral corner reflector. This technique will not need 
external calibration targets to correct cross-talk effects (since 
returns from distributed natural targets are used to infer the 
cross-talk parameters) but only a trihedral corner reflector for 
channel imbalance and radiometric calibration [6]. 
A trihedral calibration corner reflector with square edges, 
each 80 cm long, was positioned along the taxiway of the 
airfield in the scene imaged to get a good dark background. 
This information was considered to resolve the absolute 
radiometric calibration constant. 
The cross talk parameters δ1 and δ2, respectively for 
vertically (V)/horizontally (H) polarized electric fields 
transmitted or received, and the one-way co-polarized channel 
imbalance in amplitude and phase f  have been estimated by the 
images according to [6]. The application of this method 
showed very low values of the above parameters. By way of 
example, the probability density function (pdf) of the absolute 
value of δ1 is plotted in Figure 3.  
The multilooked and calibrated HV SAR image in the 
azimuth x-slant range r plane is represented in Figure 4.  
B. Polarimetric decompositions 
In order to test the performance of the quad-pol S-band 
data, some classical polarimetric decompositions [7] have been 
applied to the datasets available. The results of two of them are 
here reported. 
Figure 1.  Douglas DC-3 Aircraft with antennas (the radar is in the radome). 
 
 
 
 
Figure 2.  Antennas and Gimbal in Radome. 
 In Figure 5 the false color images derived by applying the 
Pauli and the eigenvector-eigenvalue decompositions [7] to the 
S-band quad-pol dataset are presented.   
In the Pauli decomposition [7], the combinations of 
channels |HH+VV|, |HH-VV| and |HV|, related respectively to 
the surface, double-bounce and volume scattering, have been 
assigned the colours green, blue and red and then combined 
together to give the false color image in Figure 5(a). 
Instead, a combination of the entropy H and the mean angle 
α deriving from the eigenvector-eigenvalue based 
decomposition [7], is represented in false colors in Figure 5(b) 
and a proper legenda in the form of a color code map is also 
added in Figure 5(c) for a better interpretation of dominant 
physical mechanisms as explained in [8] for land applications. 
A scatter plot of the angle α versus the entropy H is also shown 
in Figure 6. 
 
IV. OUTCOMES 
In this section we briefly discuss the quality of the quad-pol 
S-band datasets with particular reference to the application of 
the decompositions presented before. 
From Figure 5(a) we can appreciate a high reliability of the 
S-band even with simple decompositions: the man-made 
features, dihedrals in particular, are correctly detected (areas in 
blue), the volume scattering is dominant in forested areas as 
expected, and the surface scattering is clearly the main 
contribution all over the image for the particular scene 
considered. The interesting aspect is that a sharp separation of 
different crops (see in particular the bottom of the image in 
Figure 5(a)) is possible for the particular balance of surface and 
volume scattering in the S-band in this particular kind of scene 
which shows a potential of this band even better than other 
more common bands in land classification. Comparison with 
the results from the same images in X-band will be presented at 
the conference for sake of completeness. 
This ability is also confirmed by looking at Figures 5(b) 
and 6. Not only the contours are all clearly tracked but the main 
dominant scattering mechanisms are mapped as expected: as 
known from [8], the scattering from forest canopies lies in the 
region Z2 of the color code map, see Figure 5(c), and is 
relevant to high values of entropy and values of α close to 45°.  
Most of the remaining scatterers, instead, are correctly 
mapped in the regions Z6 and Z9, both relevant to a dominance 
of surface scattering with values of entropy that are, 
respectively, medium (typical, for example, of surface cover 
comprising oblate spheroidal scatterers like leafs) or low 
(typical, instead, of very smooth land surfaces). 
Also in this case, comparison with the same decomposition 
applied to the same image acquired in X-band will be discussed 
at the conference showing a much better information content in 
the S-band dataset. 
 
Figure 3.  Pdf of the absolute value of the cross talk parameter δ1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.  Multilooked and calibrated S-band HV SAR image. 
x
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 Figure 5.  Polarimetric decompositions applied to the quad-pol S-band 
dataset: (a) Pauli decomposition; (b) H/α decomposition; (c) color code map 
for the image in (b). 
 
Figure 6.  Scatter plot of the angle α versus the entropy H. 
V. CONCLUSIONS 
In this paper first acquisitions from the Astrium UK SAR 
demonstrator in S-band have been presented. From first results 
the adoption of the S-band together with the availability of 
fully polarimetric datasets shows very interesting performance 
and a potential for the combination of these radar parameters in 
land classification. Currently, a compared analysis of both S- 
and X-band against different scenarios (from maritime 
surveillance to forestry monitoring) is in progress with the 
purpose of quantitatively establishing the best fields of 
application for S-band, and the advantages coming from the 
exploitation of a SAR system at this range of working 
frequencies. 
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